Engineering the electronic band structure of two-dimensional electron liquids (2DELs) confined at the surface or interface of transition metal oxides is key to unlocking their full potential. Here we describe a new approach to tailoring the electronic structure of an oxide surface 2DEL demonstrating the lateral modulation of electronic states with atomic scale precision on an unprecedented length scale comparable to the Fermi wavelength. To this end, we use pulsed laser deposition to grow anatase TiO 2 films terminated by a (1 × 4) in-plane surface reconstruction. Employing photo-stimulated chemical surface doping we induce 2DELs with tunable carrier densities that are confined within a few TiO 2 layers below the surface. Subsequent in-situ angle resolved photoemission experiments demonstrate that the (1 × 4) surface reconstruction provides a periodic lateral perturbation of the electron liquid. This causes strong backfolding of the electronic bands, opening of unidirectional gaps and a saddle point singularity in the density of states near the chemical potential.
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Main text
Two dimensional electron liquids (2DELs) confined at the surface [1] [2] [3] or interface 4 of transition metal oxides exhibit fascinating properties such as superconductivity 5 , negative compressibility 6 and large thermoelectric efficiency 7 that can be controlled by tuning the carrier density and are of interest for applications beyond those of current semiconductor technology. Experimentally, carrier density control was achieved by field-effect gating 8 , interface engineering 9 , or surface doping 1,10---14 . Achieving comparable control over the band structure of oxide 2DELs and thin films would open new opportunities for the emerging field of oxide electronics. To date such efforts have largely focused on varying the surface orientation and exploiting interfacial lattice mismatch. For instance, in SrTiO 3
-based 2DELs it was demonstrated that changing the crystalline orientation strongly modifies the orbital polarization, and affects spin-orbit coupling and superconductivity 3, 13, [15] [16] [17] . Lateral confinement was achieved in a top-down approach and exploited in nano-electronic devices 10, 11 . On the other hand, bottom-up microscopic electronic structure engineering based on intrinsic atomic scale lateral reconstructions, which are ubiquitous 18, 19 in oxides, has received little attention.
Here we apply this concept, originally developed for semiconductor and elemental metal surfaces 20, 21 31 or the creation of oxygen vacancies 25, 26 . Moreover, as shown in Figure 1c , its conduction band minimum at the Γ point has pure d xy orbital character, which strongly enhances the confinement in a band-bending potential 24, 32 .
Experimentally, we induce a surface band-bending potential that quantum-confines electrons along the z direction by exposing the anatase TiO 2 thin films to synchrotron UV light at a temperature < 20 K (see Figure 2a and The quantification of this gap is non-trivial since our photoemission experiments average over two perpendicular domains of the surface reconstruction, which are evident in both low energy electron diffraction (LEED) pattern and Fermi surface map (Figures 3a-3b) . This leads to a superposition of gapped and ungapped spectral weight at the first Brillouin zone boundary of the super-structure at k x,y = 0.25 π/a as sketched in Figure 3c . We therefore focus on the Brillouin zone boundary at k x,y = 0.75 π/a where the spectral weight is dominated by domains with a single orientation.
Comparing EDCs extracted at these points shows a clear shift of the leading edge indicative of a super-lattice band gap (Figure 3e ). In Figure 3f we quantify this gap from fits to a Lorentzian quasiparticle peak multiplied by a Fermi function. The experimental resolution is taken into account by a Gaussian convolution. This analysis shows a peak position of -20 meV at k x = 0.75 π/a, providing a lower limit of the band gap. In order to estimate the full gap, which will extend into the unoccupied states, we recall that the band filling is chosen such that k F ≈ 0.25 π/a. This suggests approximate particle hole symmetry and thus a full band gap size of ≈ 40 meV, well above k B T at room temperature.
The electronic structure calculations shown in Figure 4 provide further insight into the properties of this nano-patterned 2DEL. Our starting point is a density functional calculation of the (1 × 4) reconstructed surface using a slab geometry based on the structural model of Lazzeri and Selloni (Figure 4a ) 22 . The layer-resolved Ti 3d density of states from this calculation shows a tail contributed by subsurface Ti atoms below the bulk conduction band minimum (Figure 4c ). This indicates that the 2DEL resides at the subsurface TiO 2 layers, which are capped by the topmost (1 × 4) reconstruction layer.
In order to overcome the restrictions in unit cell size of full ab-initio calculations, we study the combined effect of quantum confinement and the lateral potential modulation on the 2DEL electronic structure with a realistic tight binding model 24, 37 . In a first step, we estimated the perpendicular confinement potential due to surface band bending from 
